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論 文 内 容 要 旨 
 
To obtain highly uniform LiNbO3 (LN) single crystals, the redistribution of ionic species for conventional (c-
LN, c-ZnO:LN) and true (cs-MgO:LN) congruent LNs in the presence of interface electric field was investigated. 
This thesis focuses on the mechanism of the LN single crystal growth from melt by taking the interface electric field 
into account. The effect of interface electric field on the segregation of ionic species was evaluated by the 
crystallization electromotive force (c-EMF) and the electric field-modified equilibrium partitioning coefficient, kE0. 
This thesis contains four chapters, which are outlined as follows: 
In chapter 1, studies of the crystal growth from the LN melt was reviewed. The interface electric field including 
intrinsic and external electric field during growth were introduced. Its effect on the redistribution of ionic species 
in the LN melt was evaluated by electric field-modified kE0. The conventional and true congruent melting LN 
crystals were introduced to investigate the partitioning of ionic species in the presence of interface electric field and 
the superiority of the true congruent melting LN was discussed. 
In chapter 2, the effect of interface electric field on partitioning during the growth conventional and true 
congruent-melting LN crystals was investigated by the micro-pulling down (μ-PD) technique. The distribution of 
electric potential was modified by current injection, which redistributed ionic species near the solid-liquid interface. 
The relationship between the melt and the growing LN crystal was revealed to be a metal-n type semiconductor 
junction. The difference in partitioning of ionic species between c-ZnO:LN and cs-MgO:LN was compared. When 
an external current of a certain value was injected into the solid-liquid interface to compensate the intrinsic electric 
field, it was experimentally shown that the true congruent-melting state of cs-MgO:LN was achieved, which was 
confirmed by a homogenous Mg distribution near the interface that led to a k0 of unity for all constituent species, 
including ionic species.  
In chapter 3, the non-steady-state growth of LN was studied in the presence of an interface electric field. The 
steady-state solute distribution of cs-MgO:LN and c-ZnO:LN crystals was measured, indicating the solute 
concentration of the bulk melt, C0, is equal to that of the crystal, CS, independent of the growth velocity for 
（別紙様式５）                                       
congruent LNs. The effect of an abrupt change in the growth velocity on compositional variation in cs-MgO:LN 
crystals under different external currents was investigated. The results demonstrated that the true congruent LN 
crystal (cs-MgO:LN) maintained compositional uniformity irrespective of the growth conditions under zero 
interface electric field. We also investigated the effect of the velocity dependence of supercooling on the Seebeck-
effect-induced potential at the interface, leading to a potential difference in the solid phase at different temperatures 
during growth.  
In chapter 4, the results of the thesis are summarized. We have successful clarified the partitioning of ionic 
species for the growth of two types of congruent LNs, conventional congruent-melting c-ZnO:LN and true 
congruent-melting cs-MgO:LN. The partitioning and transport of ionic species were manipulated by an interface 
electric field. The detailed process of segregation of ionic species was experimentally observed via μ-PD technique. 
It is confirmed that k0 for all melt chemical species is unity for true congruent-melting LN, which is simultaneously 
stoichiometric and congruent. Thus, cs-MgO:LN does not show any compositional change even it experiences a 
non-steady-state growth under the injection of a critical current that compensated the intrinsic electric field leading 
k0 of all ionic species to unity. The true congruent LN (cs-MgO:LN) exhibits better compositional stability than 























 第３章では定常状態から成長速度を急激に変化させ、c-LN と cs-LN の組成変動の様子を検
討した。 c-LN は ZnO を cs-LN は MgO を含有している。c-LN の ZnO は結晶内で変動しコン




従来のコングルエント結晶の c-LN に対して顕著な優位性を持つことを示した。 
以上の研究成果は、自立して研究活動を行うに必要な高度の研究能力と学識を有すること
を示している。したがって、施 祺霖提出の博士論文は博士（理学）の学位論文として合格と
認める。 
 
